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ABSTRACT

The use of two mycoplasma media failed to initiate the growth of
the infectious agent of the ratoon stunting disease of sugarcane (RSD).
Treatment with various concentrations of tetracycline-HCl solution did
not affect symptom development of RSD in sugarcane varieties CP 36-105
and CP 44-101.

These results suggest that RSD is not caused by a

mycoplasma-like organism.
Partial purification by two cycles of differential centrifugation
produced an infectious preparation but did not have an ultraviolet
absorption spectra typical of a virus.

Undiluted juice of CP 36-105

and CP 44-101 remained 1007o infectious for up to 24 and 72 hr, respec
tively when held at 4 C.

The symptoms of RSD produced in L 62-96

plants were found more reliable for critical infectivity assays in the
greenhouse than CP 36-105 or CP 44-101.
Hot-water treatment at 50.5 C for 1 hr was needed to eliminate
RSD from single eye seed pieces of CP 36-105, while for CP 44-101
51.5 C for 1 hr was required.

Thermal inactivation points of the

infectious agent expressed from the same varieties occurred at the
same temperatures as in seed pieces.

These results indicate the possible

existence of distinct isolates of the RSD agent.
Xylem plugging as the cause of vascular bundle discoloration in
RSD infected stalks was confirmed, but phloem lignification was
questioned because it was also found to occur in disease free plants.
Higher concentrations of polyphenolic compounds were present in the

nodal area of RSD infected plants when compared to those present in
disease-free plants, but there were no qualitative changes as a result
of infection.
Chlorogenic and caffeic acids were the two major polyphenolic
compounds present in the nodal region of mature sugarcane.

Chlorogenic

acid, two flavonoid compounds (leucoanthocyanidin and anthocyanin) and
an unidentified polyphenolic compound were found in the immature nodal
region of

week old L 62-96 plants.

8

Two new combinations of temperature and treatment duration in
airtight ovens were found effective for the control of RSD in the
Louisiana type hot-air oven.
and 59 C for

6

The new combinations were 58 C for 7 hr

hr (air entering rear of oven was controlled at 58 C or

59 C for total treatment duration of 7 hr or

6

hr).

The present

recommendation for commercial hot air treatment is 58 C for

xi

8

hr.

INTRODUCTION

The ratoon stunting disease (RSD) has been considered one of the
major diseases of sugarcane in Lousiana.
be so due to the following reasons:
leave traces

It probably will continue to

i) the hot-air treatment always

(4.0-4.5%) of infected stalks in the first progenies (18,

65); ii) present mechanical harvesting and cultivating methods spreads
RSD to succeeding progenies at a rate of 4 to 1 (65); iii) a combina
tion of RSD and mosaic usually reduced yields to a greater degree than
either disease separately (67).

For these reasons RSD will probably

continue to play a major role in the deterioration of sugarcane in
Louisiana (39, 67).
RSD produces a reddish orange discoloration in the nodal region
of mature stalks.
symptoms.

None of the alternate hosts (6 8 ) produced such

The main reasons most of the chemical tests used for

detection of RSD infection (6 ,

8

, 19) which have been suggested were

unsuccessful is probably due to a lack of understanding of the nature
of the disease and the symptom expression itself.

Part of this study

was to develop a better understanding of the factors relating to the
expression of RSD symptoms in mature and young plants.
A report published in Taiwan of the isolation of a mycoplasma
organism from sugarcane plants infected with the "white leaf disease”
(42) spurred a new interest centering on the possibility that a
mycoplasma may be the causative agent of RSD.
conducted to explore this possibility.

1

Part of this study was

Since the beginning of the hot-air treatment for control of RSD
in Louisiana, it was observed that the disease could be controlled more
easily in some varieties than others (20).

The possibility of the

occurrence of different strains of RSD has been suggested in Louisiana
(18) and in Australia (34).

Critical greenhouse experiments require a

good assay technique with a test plant showing a high reliability in
symptom production.

Studies dealing with these subjects were conducted

in the summer and fall of 1971.
The present recommendation for hot-air treatment to control RSD
resulted from studies conducted in 1955-1956 (63).

Since the above

mentioned studies, no other combinations of temperatures and treatment
durations have been tested.

Shortening of the treatment duration

seemed very desirable because more treatments could be made durinp a
24 hr period, which would increase the efficiency of oven use ari would
be less costly.

Studies were conducted in the fall and sprinr of 1970-

1971 to determine if the new more airtight commercial hot-a r oven
being built today may control RSD just as effectively as

he older ovens

(built in 1955-1956) if the treatment duration was reduced and/or a
higher temperature was used.

REVIEW OF LITERATURE

Ratoon stunting disease (RSD) was first recorded in Queensland,
Australia in 1944-1945 (34, 69).

To date it has been recorded in most

of the cane growing areas of the world, e.g. Brazil, Columbia, Cuba,
Fiji, Hawaii, India, Indonesia, Jamaica, Kenya, U.S.A., Mauritius,
Mexico, South Africa, Taiwan, and Tanganyika (2, 4, 5, 12, 34, 38, 62,
69, 74).
In the United States, a "growth retarding disease" was described
by Abbott in 1947 (1).

It was observed on variety CP 36-105 during a

prolonged drought period.

Observations on other commercial varieties

e.g. CP 34-120, CP 43-37

and CP 44-101, indicated that reduction of

yield was obtained following inoculations of vigorously growing stalks
with juice fr^m stunted ones

(2, 18, 58).

RSD causes substantial yield reduction (3, 34, 39, 57,

6 6 ).

The

loss in yield of commercial sugarcane varieties in Louisiana in ton per
acre of cane ranges from 25.47. in CP 44-101, susceptible, to 6.77, in
CP 52-68, very tolerant (6 6 ).

Scientists generally agree that RSD is

one of the most important factors responsible for yield decline of the
sugarcane varieties (3, 14, 39, 57,

6 6 ).

The loss from year to year

eventually results in uneconomical yield so that sugarcane varieties
are continuously being replaced by more productive hybrids.
Plants infected with RSD do not show any specific external
symptoms except for general unthriftiness (34, 69).

The typical

stunting of the plant can only be seen in severe cases (34, 69, 73).

3

4
Three types of internal symptoms are being used as indications of RSI)
infection (34, 69): i) orange-red discoloration of individual vascular
bundle in the nodal region of the lower
seen with unaided eye when about

1/8

mature nodes.

This may be

of an inch of the rind is removed

just below the old leaf scar area of lower nodes; ii) a pinkish dis
coloration in the nodal region of young plants with 3 to four mature
nodes; iii) a pinkish blush in the immature nodal region below the
growing point of a

6-8

week old plant.

This is often referred to as

the "juvenile symptom".
The discoloration of the individual vascular bundle is due to
the plugging of the xylem elements with a gummy substance (7,

8

).

Lignification and obliteration of the sieve tube elements are also part
of the internal symptoms of the disease (8 ).
A rapid method for the detection of the disease has been
suggested by two authors (6 , 19).

Antoine (6 ) suggested dipping

freshly cut tissue sections in a solution of 2,3,5-triphenyltetrazolium,
which forms an insoluble red colored triphenlyl formazan through reduc
tion (46).

A similar type of reaction has been found to occur in the

surrounding tissue of a TMV infected lesion, which is attributed to
the increase in dehydrogenase activity in that area (17).

Another

rapid chemical test was suggested by Farrar (19) who used hydrogen
peroxide-hydrochloric acid solution to differentiate between healthy
and diseased materials.

In the healthy plants, a freshly cut tissue

section produced an adriatic blue green color with the stain, while in
the tissue from diseased plants no such reaction occurred.
of this reaction was unknown.

The basis

5

Sugarcane leaf extracts contain flavonoid pigments, chlorogenic
acid, and caffeic acid as major phenolic compounds (9, 10).

The

o-dihydroxyphenolics inhibit photosynthetic activity of the sugarcane
chloroplast in vitro.

The flavonoids were less effective in this

respect when compared to the o-dihydroxyphenolic compounds.

Chlorogenic

acid and caffeic acid was also found to be responsible for the yellow
and brown color associated with raw and partially refined sugar (16,
29).

The concentration of these compounds was estimated as equivalent

to from 17, to 57. of the weight of sucrose present in mature cane (29).
The role of phenolic compounds in the physiology of a diseased
plant is poorly understood

(11, 17, 33, 40, 51, 71).

It has been

suggested that polyphenols are involved in the defense mechanism
against an invading organism and in disease resistance (11, 17, 51, 71).
Okaska (51) indicated that tannins anc' polyphenolic substances accumu
lated in a greater degree in the root:- of resistant strawberry clones
infected with Verticillium alboatrum.

When compared to unioculated

plants of the same variety, the amount of tannins and polyphenolic
substances was higher or lower depending on the stages of the plant
growth.
Since 1967 (15) mycoplasma-like organisms have been found
associated with a number of the plant diseases which belong to the
"yellows group" (13, 15, 30, 35, 45, 47, 48, 61, 70, 71).
diseases were previously thought to be caused by viruses.

These
Only in two

instances mycoplasma-like organisms have been isolated in pure culture
and reinoculations have
symptoms (13, 42).

been made into the host to produce the disease

However, in both cases, maintenance of the culture

for a long period of time has not been successful

(47).

6

The indications of a mycoplasma etiology of a plant disease is
generally based on two finding (48): i) electron microscopic observations
of mycoplasma-like bodies in the phloem region of a diseased plant but not
in a healthy plant, and ii) the disappearance of these bodies and the
remissions of symptoms following treatments with tetracycline antibiotics.
All the four major groups of tetracyclines, i.e. chlorotetracycline, tetracycline hydrochloride, oxytetracycline, dimethylchlor
tetracycline were found to be effective when tested against the causal
agents of seven plant diseases which belong to the "yellows group" (48).
The tetracyclines only suppress the growth of the mycoplasma-like
organism; the organism was not destroyed (48).

Phytotoxicity of the

compounds when applied at high concentration was also observed (24).
In 1968, workers in Taiwan detected mycoplasma-like bodies in
the phloem region of sugarcane leaves infected with "white leaf disease"
(44).

The organism was successfully isolated and subsequent inocula

tions made to a healthy plant produced the disease symptoms (42).
Forbes and Ling (23) observed round particles under the electron
microscope, when a quick preparation was made by squeezing juices from
the midvein of a sugarcane leaf infected with RSD.

Such round bodies

could not be obtained from a similar preparation of a healthy plant.
Several attempts have been made to purify the RSD causal agent (28, 43).
Leaves and stalks of RSD-infected plants contain a high titer of RSD
agent (27).

Liu (43) obtained noninfectious nucleoprotein preparation

from the juice of diseased stalks by differential centrifugation.
Gillaspie (28) obtained infectious nucleoprotein preparation also by
differential centrifugation but followed by density gradient centrifuga
tion.

However, no typical virus particles were found when the prepara

tion was observed under the electron microscope.

7
Heat for the control of RSD was originally recommended in
Australia by Hughes and Steindl (23).
2 hr.

They used hot water at 30 C for

This was later changed to 50 C for 3 hr for commercial use (69).

In Taiwan a treatment at 50 C for 2 hr is recommended (44).

A review

of heat therapy of plant viruses in perennial plants including sugar
cane was published recently (50).
In Louisiana, studies in 1955 and in 1959 indicated that the
tender buds of young cane (7 to

8

months old) used for planting were

severely injured when treated with several combinations of temperature
and period of exposures to hot water
the use of hot air at 58 C for

8

(20, 64, 65).

On the other hand,

hr (air entering rear of oven was

controlled at 58 C for total treatment period of
effect on germination (20, 58, 63, 64, 65).

8

hr) had very little

Due to the above mentioned

studies the use of a hot-air treatment was recommended in Louisiana in
the fall 1955 (22).

The oven in use today was built according to

specifications approved by the RSD Committee of the American Sugarcane
League (22, 64).
Flores Caceres (20) indicated that RSD was

more

difficult to control in variety CP 44-101 as compared to variety
CP 36-105.

A treatment of 58 C for

8

hr completely eliminated the

disease in variety CP 36-105, while in variety CP 44-101 the same
treatment resulted in 22.17. RSD-infected plants.

The reason for this

was not known.
The possibility of the occurrence of different strains of RSD
was indicated in Australia (34) and in Louisiana (18).

The indication

was based on the variation in the Intensity of the discoloration

8
produced in the same variety when plants were inoculated with infective
juice obtained from diseased plants from different localities.

MATERIALS AND METHODS

I.

A.

STUDIES RELATING TO THE CAUSAL AGENTS

Isolation by use of mycoplasma media
Morton's medium (42) has been successfully used in the isolation

of mycoplasma organisms causing the "white leaf disease" of sugarcane
in Taiwan.

Hayflick (32) recommended the use of Hayflick media for

isolation of fastidous animal mycoplasmas
Both media were used in this study.

(e.g. Mycoplasma pneumoniae).

The media was prepared as follows:

Morton's Broth Medium - Twenty-one g of Bacto PPLO enrichment broth with
crystal violet was suspended in

1000

ml distilled water, distributed in

100 ml prescription bottles and autoclaved at 121 C for 15 min.

To each

liter of medium was added aseptically 2 .8 5 ml of Bacto Chapman Tellurite
solution and 17o Bacto PPLO serum fraction.

The final pH was 7 . 8 .

Morton's Agar Medium - Thirty-five g Difco Bacto PPLO Agar was suspended
in distilled water, heated until completely dissolved and filtered
through 2 pieces of filter paper.

While still warm, it was distributed

into 100 ml prescription bottles and then autoclaved at 121 C for 15
min.

When needed, the agar was melted, allowed to cool sufficiently so

that the bottle could be handles then 17. of Bacto PPLO serum fraction
was added.
Hayflick's broth and agar media were prepared as described by
Hayflick (32) for Mycoplasma pneumoniae.

The A-gamma globulin horse

serum was purchased from Grant Island Biological Company, New York.
The broth medium was distributed aseptically into test tubes, and the
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agar medium was

distributed into small petri plates 7 days be Coro the

actual isolation from plant materials was started.

Only tubes and

plates which did not show any contaminations of organisms were used.
Sugarcane tissues from various regions of 3 month old plants of
two susceptible varieties - CP 44-101 and CP

36-105 were used.

Pieces

of tissues from leaves, growing point, internodes and nodal regions of
infected plants as well as from disease-free plants were surface
sterilized in solution of 107, Chlorox (containing 5.25% sodium
hypochlorite) for 15-20 min.

After five rinses in sterilized water,

a 5 x 5 x 5 mm pieces of tissues were cut from inside the growing
points, internodal and nodal regions with a sterilized
a sterile chamber.

The tissues were dropped into

either Morton's or Hayflick's broth media.

razor blade in

test tubes containing

Leaf tissues of similar

dimensions were also cut with sterilized razor blades,

both from the

midrib regions and from the leaf blade.
The culture tubes were incubated either at
(22+2 C) or in an incubator (37 + 0.5 C ) .

room temperature

Beginning on the third day

after incubation, each day samples of the broth culture from each culture
tube were streaked on the agar plates of both Morton's and Hayflick's
media.

They were incubated either at 22 C or at 37 C under aerobic or

anaerobic conditions, with high humidity level.

B.

Purification by differential centrifugation
Juice from mature stalks of variety L 62-96 infected with RSD

was extracted by use of a Carver Laboratory Hydraulic Press.
from leaves was extracted at 4 C by use of a meat grinder.

Juice
The same

amount of juice was also obtained from mature stalks and leaves of
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disease-free plants of the same variety.

This was used as the check

and treated in a similar way as the infective juice in the subsequent
operations.

The following procedures were conducted at or near 4 C.

The juice was filtered through

8

layers of cheesecloth and filtrate was

centrifuged at 10,000 rpm (12,000 g) for 15 min using a Sorvall RC2
refrigerated centrifuge.

The superantant fluid was collected.

The

residue was resuspended in 5 ml of 0.01 M PO4 buffer pH 7.2 and given
a second low speed centrifugation as above.

The supernatant fluid

was combined with the supernatant fluid from the first low-speed centri
fugation.

The residue was resuspended in 5 ml 0.01 M PO4 buffer pH

7.2 and then used for infectivity tests.
The combined supernatant fluid was centrifuged at 30,000 rpm
(78,000 g) for 3 hr using a No. 30 rotor in a Beckman L2 ultracentrifuge.
The pellet was resuspended in a total of 5 ml 0.01 M PO4 buffer pH 7.2
and left overnight in the cold room (4 C ) ,
used for infectivity tests.

The supernatant fluid was

The suspension obtained from the residue

above, was centrifuged at 10,000 rpm in the Sorvall RC2 refrigerated
centrifuge.

The supernatant fluids were collected.

The residue was

treated with another low speed centrifugation, and the final combined
supernatant fluids were used for UV spectrophotometer readings and
infectivity test.

A second cycle of high speed and low speed centri

fugation were made to see whether there was a change in the UV spectrum
of the final preparation.

UV spectra readings were taken by using a

Perkin-Elmer UV-Vis Spectrophotometer.
conducted.

Two such experiments were
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C.

Infectivity of juice after storage at 4 C
Juice was expressed from RSD infected stalks of varieties

CP 44-101 and CP 36-105.
at 4 C.

It was stored immediately in a refrigerator

After a period of time, the infectivity of juices were deter

mined by inoculation to disease-free L 62-96 plants.
A modification of the assay technique described by Schexnayder
(59) and Gillespie et al. (28) was used to determine infectivity of
plant juice.

Single eye seed pieces of healthy stalks of variety

L 62-96, a known susceptible variety (67), were cut and the freshly cut
ends were inoculated by dipping both ends in undiluted juice stored as
mentioned above.

The one eye seed pieces were planted in the greenhouse

immediately in 3 inch peat pots in non-sterilized potting mixture of
soil, peat moss and sand (2:1:1).

Twenty-four peat pots with the single

eye seed piece were placed in a tin-galvanized flat (23" x 14" x 5").
This facilitates easier handling of the peat pots when they are handled
in the greenhouse.

The test plants were grown in a greenhouse with a

temperature of 85 F or above.

Three weeks after planting a complete

fertilizer (4-12-4) was added at the rate of 1/10 of a teaspoon to each
pot.
were

D.

The plants were examined for RSD "juvenile symptoms" when they
6-8

weeks old.

Relative concentrations of the RSD infectious agent in variety
CP 44-101 inoculated different years
Samples were taken from field grown CP 44-101 plants which had

been infected with RSD for 1, 2, 3, 4 and 18 years, respectively.
Three stalks were chosen at random from 5 month old infected
CP 44-101 plant cane grown in the field.

The samples were taken to the
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greenhouse and juice expressed by use of a small laboratory mill to
obtain 150 ml of infective juice.

The juice was filtered through eight

layers of cheesecloth to eliminate the coarse material extracted during
the milling process.
and

1 :1 0 , 0 0 0

Dilutions of 1:10, 1:100, 1:500, 1:1,000, 1:5,000

of the infective juice was prepared from each sample by

adding double distilled water.
were used to inoculate
test variety, L 62-96.

E.

10

Fifty ml of inoculum from each dilution

freshly cut single eye seed pieces of the

Two similar experiments were conducted.

Relative concentration of the RSD agent in varieties CP 44-101 and
CP 36-105 infected since 1953
Samples were taken from first stubble of varieties CP 44-101

and CP 36-105 infected with RSD since 1953.

Sampling techniques,

preparation of inoculum, and inoculation methods were the same as
reported in part D.

Twenty-four single eye seed pieces of disease-

free L 62-96 stalks were inoculated in each treatment, and as the check
a similar number of seed pieces were inoculated with double distilled
water.

F.

Effects of adding bentonite on the dilution end point of RSD
infected CP 44-101 iuice
Bentonite has been used by many workers to increase the infec

tivity of a virus inoculum by adding it to the infective juice during
the extraction process.

To investigate its effect on the infectivity

of the RSD agent, juice obtained from infected CP 44-101 stalks was
mixed with bentonite as soon as it was extracted.

Eight grams of

bentonite powder were mixed with 100 ml of juice.

The mixture was

filtered through a piece of filter paper.

The filtrate was diluted
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with double distilled water to make dilutions of
1:10^, 1:10^, and 1:10^.

1 :1 0 , 1 : 1 0

^
,

1:10

,

Similar dilutions with infective juice without

addition of bentonite were prepared and used as checks.
inoculum was prepared from each dilution.

Fifty ml of

Ten freshly cut disease-free

CP 44-101 single-eye seed pieces were inoculated for each treatment.
The inoculation was done by dipping both ends of the seed pieces in the
inoculum.

Seed pieces were planted in the greenhouse in the manner

previously described (part C).

C.

Survival of the RSD agent in single eye seed pieces after treatment
in hot water for

1

hr at various temperatures

Ten to twenty single eye seed pieces of varieties CP 44-101 and
CP 36-105 were treated for 1 hr at various temperatures in hot water.
The seed pieces were known to be infected with RSD since 1953.

Treat

ments were conducted in a small constant temperature hot water bath
("CRC" Circu Temp, and "CRC" Thermoregulator Thermometer, Chemical
Rubber Co., Cleveland) with a 1 gal capacity glass jar.

The water

temperature during the treatment fluctuated within 0.2 C from the
desired temperature level.

The time required to reach the desired

temperature inside the cane was determined by using thermocouples of a
portable potentiometer (Model 126 W2, Minneapolis, Honeywell Regulator
Co.).

The time required ranged from 10-12 min.

ment was conducted for a period of 72 min.

Therefore, each treat

The temperatures used for

1 hr in this study ranged from a low of 48 C to a high of 55 C.
At the termination of each treatment the seed pieces were
immediately stored in a refrigerator (4 C) for up to
planting in the greenhouse.

8

hr before

Planting was done as previously described
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(part C) and the "juvenile symptom" was used to determine If the RSD
agent had been eliminated by the hot water treatments.

H.

Thermal Inactivation point of two isolates of RSD
Juice was expressed from varieties CP 44-101 and CP 36-105

infected with RSD since 1953 by using a small laboratory mill.

Between

extraction processes, the mill was cleaned with 70% alcohol followed by
thorough rinsing with tap water.

This was done to prevent mixture of

the RSD infectious agent from one variety to the other.
the juice was extracted, the pH was determined.

If necessary, the pH

was adjusted to 5.5, the normal pH of sugarcane juice.
filtered through

8

As soon as

The juice was

layers of cheesecloth and stored in a refrigerator

or in an ice chest with melting ice before and after the treatment was
made.

Not more than a

6

hr period was allowed to elapse between the

extraction of the juice and inoculation of one-eye disease-free seed
pieces of L 62-96.
A small constant temperature waterbath (part G) was used for the
heat treatment.

Ten ml of undiluted juice from each variety was

pipetted into two glass tubes (0 = 0.8 cm, 1 = 33 cm), and heated
together at a desired temperature for 10 min.

An average of 2 min was

required for the juice to reach the desired temperature level.
fore, a period of 12 min was used for treating each sample.

There

After each

treatment period, the juice was placed into an ice bath in order to
terminate the treatment abruptly.

Infectivity of each sample was

determined by the assay technique previously described (part C).

The

experiment was conducted twice, each time by using ten single eye seed
pieces.
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II.

A.

STUDIES RELATING TO THE SYMPTOMS OF RSD

Discoloration of Individual vascular bundles at the nodal region
Permanent sections were made from 7 month old stalks of variety

CP 36-105.

Tissues of the nodal region of either disease-free or RSD

infected plants were fixed either in F.A.A. or in Navashin's fixatives
(36, 56) under negative pressure.

The tissue material was

night in the fixative and then in hydroflouric acid for

left over

72 hr. The

softened tissue material was dehydrated in n-butanol series (56) and
embedded in paraffin.

Sections of 7-12 (j in thickness were cut by

using a rotary microtome (American Optical Co.).

The sections were

stained in one of the following stain combinations:

safranin-fast

green, Haedenheim's haematoxyline-orange G, and tannic acid-ferric
chloride-safranin (36,56).
Temporary sections were cut by use of a sliding microtome.
thickness of the sections ranged from 60-80 |a.

The

The sections were

stained with phloroglucinol-HCl and counter-stained with zinc
chloroiodide as described by Artschwager (8 ).

B.

Qualitative determination of polyphenolic compounds

in thenodal

region of BSD infected and disease-free sugarcane plants

1.

Qualitative determination of phenolic compounds in the nodal
region of matujre plants and

8-10

week old plants with juvenile

symptoms
Paper chromatographic methods have been used for the isolation
and identification of complex polyphenolic substances of plant origin
(11, 25, 31, 33, 49, 53).

The technique was utilized in this study by
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using tissue extract obtained from:

i) discolored nodal regions of

field grown mature plants of varieties CP 44-101 and L 60-25
infected with RSD; and ii) discolored immature nodal regions (juvenile
symptoms of RSD) in 8-10 week old plants of variety L 62-96 grown in
the greenhouse.
a.

Extractions of plant phenols

Cold methanol - HC1 extraction (11, 31, 37) is especially
suitable for the isolation of flavonoid compounds in their natural
state (31).

Immature nodal regions were collected from 8-10 week old

L 62-96 plants grown in the greenhouse.

The tissues from RSD infected

plants had a strong orange-red to pinkish discoloration at this stage,
while the disease-free plants had a greenish yellow color.

Tissue of

nodal regions of mature stalks was obtained from RSD infected and
disease-free plants grown in the field.
immediately in an ice-cold methanol-HCl

The tissues were dropped
(methanol with 0.017. HC1), and

then blended in a Waring blendor at 4 C for 2 min.

The extract was

filtered through a Whatman number 1 filter paper in a Buchner funnel
under negative pressure.

The pulp was pressed and discarded.

The

yellow colored filtrate was reduced in volume by use of a rotary
vacuum evaporator with the rotating flask immersed in a hot water bath
at 37 C.

When the volume of each sample was about 50 ml, the process

was stopped, and further reduction in volume was done under a hood at
room temperature.

This prevented the formation of a yellowish

precipitate in the evaporating flask.

When the volume was reduced to

15 ml, the sample was used for chromatographic analysis.
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b.

Paper chromatography

Each sample was spotted on a Whatman No. 1 paper either as a
spot or in a long band at the starting line.

Two dimentional paper

chromatogram was developed by using butanol-acetic acid-water (4:1:5,
upper layer) in the first direction and 27, acetic acid in the second.
Butanol-acetic acid-water

(4:1:2.2, upper layer) was also used.

Developed chromatograms were dried in forced air and the spots
were located at first by observing under UV light (254 mu) followed by
spraying with one of the spray reagents listed below.
1.

Nynhydrin

2.

Gibb's reagent (2, 6 dibromoquinone chloroimide, 17, in
chloroform).

After spraying the chromatogram was exposed to

ammonia vapor.
3.

Diasotised sulphanilic acid prepared as follows:

two parts of

solution containing 9 g sulphanilic acid and 90 ml concentrated
HCl/liter with one part of 57. (w/v) NaN 0 2 and one part of 207,
NaOH mixed immediately before use.
4.

5.

Phloroglucinol spray (60) consists of:
a.

5 g phloroglucinol dissolved in 300 ml methanol

b.

0.1 N NaOH.

Both reagents were used successively

Hopner-Vorsats reagent (55):
a.

10 %

sodium nitrite

b.

207o urea

c.

107, acetic acid

d.

2 N NaOH

The reagents were applied successively in this order.

After c

above, the chromatogram was dried, then d above, was applied.
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.

Ferric Chloride - 27. aqeous solution.
Generally for the first separation, samples were spotted in a

long band at the starting line and developed in butanol - acetic acid water (4:1:2.2).

After development, the location of the compounds

which had separated in a long band were marked under UV light by using
a soft lead pencil.

Strips of the paper were cut and sprayed with one

of the phenolic reagents mentioned above.

The aniline hydrogen

phtalate reagent (46) was used for detecting sugars, and the
leucoanthocyanidin test (31, 49) was used for detecting flavonoids
in the paper.

Color produced and the type of reagents which gave a

positive reaction were used to determine to which group the compounds
belong.

A cochromatograph was usually necessary in the second step

in which the isolated compound after elutions from the paper was
rechromatographed with an authentic reference compound.

Elution was

done with water-methanol-acetic acid (25:70:5).
Absorption spectra of the unknown and reference compound were
taken by using a Perkin-Elmer UV-Vis Spectrophotometer.

Hydrolysis of

samples were done by placing the paper strips cut from the chromatogram
in a flask.

Then 5-10 ml of 2 N HC1 was added and the mixture was

heated in a boiling hot water bath under reflux for 30 min to 1 hr.

C.

Total phenolic contents in the nodal regions of diseased and
disease-free plants
Tissues of the nodal regions were collected from diseased and

disease-free stalks of variety L 60-25 (tolerant) and CP 48-103
(susceptible).
methanol

One hundred grams of fresh tissue was dropped into cold

(-50 C) and left overnight.

The tissue was blended for 5 min
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in a Waring blendor and another 150 ml of cold methanol was added.
The extract was filtered through Whatman No. 3 filter paper under
negative pressure using a Buchner funnel.

The pulp was blended once

again with 150 ml of 807, methanol for 2 min.

The second extract was

filtered, and the filtrate was combined with the first one.

The volume

of the combined filtrates was reduced to 35-50 ml under negative
pressure in a rotary vacuum evaporator.

During the evaporation process,

the rotating evaporating flask was immersed in a hot water bath set at
40 C.

After the reduction in volume, the sample was transferred into

an ice chest containing dry ice, and then was freeze dried in a Virtis
freeze drier for 20 hrs at 500 y of Hg.
were stored at

The freeze dried samples

- 15 C inside a dessicator over CaCl 2 until needed for

phenol determination.
Total phenolic determination was done as described by Swain and
Hillis

(72).

The freeze dried sample representing 100 g of fresh

tissue was dissolved in 10 ml of 507. methanol.

One half ml of this

was diluted in double distilled water in serial dilutions of 1:5, 1:25,
1:50, 1:100, 1:125, 1:200, and 1:400.

One ml solution from each

dilution was mixed in test tubes with 7.5 ml distilled water and 0.5 ml
Folin Denis reagent (21), shaken thoroughly for 3 min and 1 ml of
saturated sodium carbonate solution added.
shaken until the solution was homogenous.

The whole mixture was
After 1 hr, absorbance at

725 m y was determined with a Beckman DB Spectrophotometer.

A solution

containing 0.5 ml Folin Denis reagent, 9 ml distilled water, 0.5 ml
saturated sodium carbonate was used as a blank.
A standard curve was made by using chlorogenic acid as the
standard phenolic compoud.

The reaction mixtures were prepared in the
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same manner as those used for the samples above.

Phenolic contents of

the samples were determined by using the linear part of the standard
curve

(20

ppm -

100

III.

A.

ppm).

STUDIES RELATING TO THE CONTROL OF RSD

Effects of tetracycline-HC1

(Achromycin) on symptom development of

RSD
To study the effects of tetracycline antibiotics on the RSD of
sugarcane, studies were conducted in the fall and spring of 1969-1970.
Single eye seed pieces of varieties CP 44-101 and CP 36-105 were treated
in various concentrations of tetracycline-HCl.
cut from disease-free and RSD-infected stalks

The seed pieces were
(6

to 7 months old)

which were obtained from experimental plots of the Louisiana Agriculture
Experiment Station.
Treatments with the tetracycline antibiotic were accomplished as
follows:
1.

Disease-free and RSD infected single eye seed pieces of

CP-44-101 and CP 36-105 were soaked in separate containers containing
distilled water (check), and in 200, 400, 800 and 1200 ppm (w/v)
tetracycline-HCl solutions for 4 and
2.

8

hr treatments.

Disease-free and RSD infected single eye seed pieces of both

varieties were planted in the greenhouse and once a week were watered
with tetracycline-HCl solutions of either 200, 400, 600, 800, 1000,
1400, 1800 or 2200 ppm concentration.

Tap water was used for daily

watering.
3.

Disease free and RSD infected single eye seed pieces of variety

CP 36-105 were germinated in moist chambers containing tetracycline-HCl

22

solutions o f either 200, 400, 600, 800, 1000, 1400, 1800, or 2200 ppm
concentration.
kept for

2

Checks were germinated in tap water.

The plants were

weeks in the growing chamber, then they were transferred to

the greenhouse.

Treated seed pieces were planted in sterilized soil

and peat moss mixture (3:1) individually in 4 inch clay pots or two
seed pieces together in

6

inch clay pots.

The greenhouse temperature

was maintained above 85 F during the growing periods.

The "juvenile

symptom" of RSD was used to determine

whether or not RSD was present or

ausent in plants treated as described

above.

B.

Temperatures and treatment durations with hot-air for control of
RSD in Louisiana
For these studies two types of commercial hot-air ovens were

used:

i) ovens built in 1955 and 1956 which were repaired and made

completely airtight, and ii) newly built ovens.

These ovens are of the

recirculating type with no new air entering the system.
and treatment duration combinations studied were:
of oven controlled at 58 C with total

i) air entering rear

treatment duration

hr; ii) air entering rear of oven controlled at 59 C
ment duration of

6

Temperature

of

6

, 7 or

8

for total treat

hr; and iii) air entering rear of oven controlled

at 59 C for a total treatment duration of 7 hr.

The last temperature

and treatment duration combination was carried out by using an experi
mental oven (600-800 lbs capacity) which belongs to the Louisiana
Agriculture Experiment Station.
All of the other treatments were conducted by using ovens owned
by cane growers at seven locations throughout the sugarcane belt of
Louisiana.
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To study the temperature distribution inside the oven,
internal

temperature of cane stalks at

21

locations

determined by use of a portable potentiometer
Minneapolis Honeywell Regulator Co.).
thermocouples,

(Model

the

in the oven was
126 W 2,

The potentiometer used had 26

3 of which were always used to measure the air tempera

ture in the center of the oven,

the ingoing air temperature

entering the rear of the oven) and a point:

12

inches behind

(air
the circu

lating fan to check the return air temperature in the oven prior to
reheat i.n)’
, of the circulating air.
bach of the other twenty-one thermocouples used to measure

the

internal cane temperatures was inserted into the center of the cut end
<>t a cane stalk at a depth of 1 inch.

Stalks of four test varieties

taken from the Louisiana Agriculture Experiment Station, Plant Pathology
test station

(CP 46-101, CP 36-105, CP 61-37 and L 62-96) known to be

infected with RSD were used.
nodes in length.
re<ommendation

(2

The stalks varied

from three to four

The loading of the oven was conducted according to
2

), and variety of cane to be treated was supplied by

the cane growers who owned the oven.

The twenty-one stalks of a test

variety, each with a thermocouple, were placed among cane stalks being
treated in critical
iii treatment,

locations

inside the oven.

At termination of a hot-

stalks of the variety were taken to the greenhouse;

the

stalks were cut into single eye seed pieces and were planted individually
in 3 inch peat pots.

Care was taken so that each stalk which had the

thermocouple was cut separately with a sterilized knife to prevent
contamination among stalks since RSD is spread mechanically.

Appropriate

nontreated RSD infected and disease-free stalks were also planted and
used as checks.

Six to eight weeks after planting, observations were

?A
made lor the presence of "juvenile symptom" of RSI) to determine if the
disease had been eliminated by the various treatment used.
Fall and spring stand counts of the seed cane supplied by the
grower and heated as stated above were conducted

to check on germination

of the treated cane which was planted in the cane growers field using
the standard method of planting in Louisiana.

EXPERIMENTAL RESULTS

I.

A .Isolation by

STUDIES RELATING TO THE CAUSAL AGENT OF RSD

the use of mycoplasma medium

The broth

cultures used did not become turbid at any time up

!A days of incubation.
were originally purple
i.

incubation.

t i;-sues:

However some of the broth cultures all ol which
(due to the crystal violet) discolored after 3

Those which discolored contained

leaf, internode and node of CP 44-101

)/ (. in Morton's medium,
a,

the following

incubated at 22 C and

leaf and stem of disease-free CP 44-101

of RSI) infected CP 36-105 in Hayflick's medium.

11

to

and

The reason for

this discoloration was not known.
None of the agar plates which had been inoculated with broth
samples showed colonies of any microorganism.
agar plates was continued up to 10 days.
bienes stain

The incubation of the

Staining the agar plates with

(32) did not reveal any type of colonies resembling those

ol mycoplasmas upon visual and microscopic examination.

B.

Purification by differential centrifugation
Ultraviolet

cycle

(UV) absorption spectra of the preparation after

of low and high speed centrifugation is presented in Fig.

extract was obtained from whole stalks of L 62-96 plants.

1.

one
The

The curve

did not indicate any peak in the region of 260-280 m(j wave length, a
region where a pure preparation of nuclcoprotein is expected to give an
absorbance maximum.

Results of the infectivity tests with this

preparation are presented in Table 1.
25

Infectivity present in both

\f3 s o r oa n c u

2b

o

RSD

DF

200

22b

2 50

275
Wave length

!’i:;nrp 1.

(m|J)

Ultraviolet
absorption spectra of extract obtained from
stalks of RSD-infected and disease-free (DF') L 62-96 plant after
subjection to one cycle of differential contrifugatien at
10.000 and 30,000 rpm.
Spectra of resuspended pellet after
30.000 rpm centrifugation.
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fable 1.

Source

1. 62-96
w / R S I)

Infectivity of extract from disease free and RSD infected
L 62-96 stalks at various steps of purification by
differential centrifugation.

Step of
purification

rpm,

Number
bud:,
inocu 1 aLed

Number
b ud s
germinated

Percent
plants with
RSD symptoms,

6 6 . 6

10

6

in

7

10 0

rpm,

10

r)

1 0 0 . 0

30,000 rpm,
supernate

10

8

25.0

rpm,

10

6

0 . 0

1 0 , 0 0 0
rpm,
supernate

10

7

0 . 0

30,000 rpm,
res idue

10

6

0 . 0

30,000 rpm,
supernate

10

8

0 . 0

1 0 , 0 0 0

res idue
1 0 , 0 0 0
rpm,
supernate

1 0 , 0 0 0

.0

res idue

1,

>-2-96
d isen.se
free

1 0 , 0 0 0

res idue

28

DF

RSD

_•_____ i
_______________ i_______________ i--------------- 1---------2 0 0

225

250

275
Wave

Figure 2.

length

( mU)

Ultraviolet
absorption spectra of extract obtained from
leaves of RSD-infected and disease-free (OF) L -62-96 plant after
subjection to two cycles of differential centrifugation of
10.000 and 30,000 rpm.
Spectra of resuspended pellet after
30.000 rpm centrifugation.
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residue and superantant

fraction of the extract after subjection to

centrifugation at low speed indicated that some of the Infectious agent
had settled to the bottom of the centrifuge tube together with the host
cell debris.

High infectivity was indicated in the residue after one

high-speed centrifugation.

However some infectivity was also indicated

in the supernatant fluid which was an indication that the forces
applied wire not sufficient to cause

tin' infectious agent to be

pelleted completely at the bottom of

the centrifuge tubes.

Ultraviolet absorption spectra of the extract

from leaves of

!, b 2 -(H) plants after two cycles, of low and high speed centrifugation
ire presented in Fig. 2.

The curve leveled off at 260 m u wave length

roe ion but did not indicate a distinct peak.

Infectivity of

juice after storage at 4 C

Results of the studies are presented in Table 2.

Juice of

U.r '(6-1.01 produced 1007, infection up

to 72 hr of storage while juice

of cr 36-107 produced 1007. infection

only up to 26 hr of storage.

infectivity remained in both

juices up to

Figure 3 shows that the RSD

Some

hr of storage.

1 2 0

juvenile symptoms could still be

obtained when test plants were inoculated with

1

raw expressed

weeks after inoculation.

'■).

juice.

Symptoms were observed

8

:1

0 , 0 0 0

dilution of

Relative concentration of the Infectious agent in variety CP 44-101
which had been infected with RSD over a period of years
Results of the various tests are presented in Table 3.

The

relative concentration in each sample may be determined by comparing the

10r,o value
The

(ID50 is concentration of inoculum which gave 507, infection).

value for ID 5 0 for each sample of juice was estimated by plotting
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Table 2.

Infectivity of Juice obtained from varieties Cl’ 44-101 and
CP 36-105 infected with RSD since 1953 after storage at 4 C.

Period of
storage
(hrs )

1

noc u 1 ated wi th

Number
seed pieces
inoculated

Number
p lants
germinated

Number
pi ants
with RSD

Percent
RSD

juice from CP 36-105

9

10

10

10

10 0

34

2 0

20

20

100

48

2 0

2 0

18

90

7?

2 0

20

19

95

96

2 0

2 0

10

50

1 2 0

2 0

2 0

2

144

2 0

2 0

0

0

inoculated with

*

10

juice from Cl’ 44-101

9

10

10

10

1 0 0

24

2 0

2 0

2 0

1 0 0

4»

2 0

20

2 0

1 0 0

72

2 0

2 0

2 0

1 0 0

96

2 0

2 0

17

120

2 0

2 0

6

144

2 0

2 0

0

Doubtful symptom.

85
*

30
0

31

Figure 3.

"Juvenile symptoms" of RSD produced by L 62-96 plants
inoculated with infective juice of CP 44-101 stalks. From
left to right:
Check (inoculated with water), 1-7 are
inoculated with 1:1, 1:10, 1:100, 1:500 1:1,000, 1:5,000, and
1 :1 0 , 0 0 0
dilutions of infective juice.
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Table 3.

Number
of years
infected

1

i

Infectivity of various dilutions of juice obtained from
CP 44-101 stalks which had been infected with RSD over a
period of years .

1 : 1

1 0

/1 0 a

8 / 1 0

\

1 0 / 1 0

f,

1 0 / 1 0

irt

1 0 / 1 0

1 : 1 0

1 : 1 0 0

.Juice dilutions
1:9000
1 :1 0 0 0
1 :300

1

:1 0

,0 0 0

I])90

8 / 1 0

0 / 1 0

1 / 1 0

0 / 1 0

0 / 1 0

0 / 1 0

1/37

6 / 1 0

4/10

3/10

0 / 1 0

0 / 1 0

0 / 1 0

1/90

1 0 / 1 0

7 / !0

2 / 1 0

0 / 1 0

0 / 1 0

1/700

6 / 1 0

4/10

0 / 1 0

1 / 1 0

1 / 1 0

1/ 2

4/10

4/10

1 / 1 0

0 / 1 0

0 / 1 0

7/10
1 0 / 1 0

9/10

a Number of plants with RSD/number of plants observed.
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1/75

33

percent infection for each dilution of the juice against the dilutions.
Values

for the dilution corresponding to the 507, infection in the graph

were taken as the IO^q value for

that sample.

The

lower the 10^0 value

in a sample tin: higher the concentration of the infectious agent of
that sample.
estimated

In the subsequent experiments,

all TD 5 0 values were

in a similar way.

The data indicated that the highest concentration present was
in the sample which had been infected for 3 years,
infected

for 4, 18, 2 and 1 year,

respectively.

followed by plants

The relative concen

tration of the infectious agent as indicated in the data does not
follow a pattern which would be indicative of a build up in concentra
tion in plants which had been infected

f1.

for longer periods of time.

Re 1a tive concentration of the RSD agent in varieties CP 44-101 and
CP 36-105 infected for 18 years
Results of the experiments arc presented in Table 4.

The value

for Ih',o for the sample juice of variety CP 44-101 was estimated as
i :37,300.

The ID 5 Q value for the sample juice of variety CP 36-105

was estimated

at 1/700 dilution;

therefore,

concentration

of the infectious agent was

in CP 44-101

the relative

more than 50 times

higher

than that in CP 36-105.

1

.

h ffects of adding bentonite on the dilution end point of infective
juice obtained from CP 44-101 infected with RSD
Results of the tests are presented in Table 5.

The dilution

end points in

treated and untreated juice were similar.

concentration

of the RSI) infectious agent in the juice treated with

bentonite was

8

-fold greater than in the untreated juice.

The

relative
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Jab 1e 4.

Infectivity of various dilutions of juice of varieties
CP 44-101 and CP 36-105 infected with RSD since 1953.

Number
Number
seed pieces
plants
inoculated
germinated

lnocu la ted

£
rt

!)i 1 ut ion

Number
plants
with RSD

Percent
RSD

juice of CP 44-101

1/37,500

1

i1

24

24

24

10 0 .0

1

:1 0

24

24

24

1 0 0

1

: i0 0

24

24

lb

6 6 . 6

I ■ 300

24

24

15

62.5

24

24

17

70.8

1:5, 000

24

24

17

70.8

•1 0 ,0

24

24

14

58.3

1

1

: ! ,0 ni i

0 0

.0

1/700

linn u la ted with juice of CP 36-105
:1

24

24

24

1 0 0

i :1 0

24

24

24

1 0 0 . 0

24

24

17

70.8

0 0

24

24

15

62.5

r- i,ooo

24

24

■>

8.3

: 5, 0 0 0

24

24

1

4.1

:1

24

24

0

0 . 0

24

24

0

0 . 0

1

1

'!0 0

!:

1

1

0 , 0 0 0

Chech
(water)

ID 30

.0

is

l.tble 5.

Results of inoculation of single eye seed pieces of disease
free CP 44-101 with juice obtained from RSD-infected CP 44-101
stalk with and without addition of bentonite.

Number
seed pieces

1 :1

RSD

10

10

6

85.7

1 :10

10

10

3

30 .0

1 :100

10

8

8

100 .0

1 :1,000

10

8

4

50.0

10

4

0

0.0

1 :100,000

10

10

0

1 :1000,000

10

4

0

0.0

I :1

10

10

10

100.0

l: 10

10

10

5

50.0

! : 100

10

9

5

55.5

1:1,000

10

5

1

20.0

1:10,000

10

8

0

1:100,000

10

10

0

0.0

1:1000,000

10

6

0

10

10

0

0.0

o
o
o
o
I—H

Rsn

o
o

'nice w i tii
hentonite

iuice only

I.'ater

1’ercent

germinated

o
o

Dilution inoculated

Number
with

o
o

Inocu 1uni

Number
buds

T D 50

1/1000

1/125

56

0.

Survival of RSI) agent In single eye, seed pieces after treatment
hot water for

1

hr a t different

in

temperatures

Results of these tests are presented in Table

6

.

The RSI) agent

Inun CP 36- 105 survived after hot water treatment of single eye seed
pieces at 50 C for 1 hr.
eliminate the infectious

Treatment at 50.5 C for I hr
agent.

In CP 44-101,

the RSD

was needed to
agent survived

after hot water treatment of the single eye seed pieces at 51 C for
1 hr.

A treatment of 1 hr at 51.5 C was needed to eliminate the

in feet ions agent

from CP 44-101.

These results strongly suggest the

existence of two different heat tolerant

isolates.

Treatment with hot water at 54.5 C for 1 hr completely killed
;e< t pieces

of both varieties.

tolerance to hot water

H.

Thermal

This appears to be the limit of

for single eye seed pieces of both varieties.

inactivation point in vitro of two isolates of the RSD agent

Results of these tests are presented in Table 7.
inactivation points
10 min treatment) of
obtained

The thermal

(temperature required for complete inactivation in
juice obtained from CP 36-105 differed from those

from CP 44-101.

Juice from variety CP 36-105,

the thermal

inactivation point was 50.5 C while that of juice from CP 44-101 was
->1 .5 0 .

Ii.

A.

STUDIKS RELATING TO

Discoloration of the

SYMPTOMS E X PR ES SI ON O F RSD

individualvascular bundle in thenodal area

This symptom may be seen with the naked eye when a mature cane
stalk is sliced longitudinally through the nodal area.

The symptom

ou:nsLs of orange to orange-yellow discoloration of the fibrovascular

Table

6

.

Survival of RSD in single eye seed pieces of variety CP 36-105 and CP 44-101 after treatments in
hot water for 1 hr at various temperatures.

Temperature
(C)

48.0
48. 5
49.0
49.5
50.0
50.5
51.0
51.5
52 .0
52.5
53.0
53.5
54.0
54.5
55.0
Nor.-Treated RSD
Nor.-Treated DF

fa'. C? 36-105
'V' C? 44-101

Number seed
pieces treated
(a)
(b)

10

2 0

10

20

10

2 0

10

20

10

20

10

21

10
10

16
15

10

10

Number buds
germinated
(a)
(b)

10

9
9
"■
8

10

10

10

10

5
3
4
3

10
10

17
16
2 0

18
16
15
15
10
2
6

10

2

4
3

10

1

1

Percent
germination
(a)
(b)

1 0 0 . 0

90.0
90.0
70.0
80 . 0
70.0
63.6
50.0
30.0
36.5
30.0

85.0
80.0
1 0 0 . 0

90 .0
80.0
71.4
98.7
6 6 . 6
2 0 . 0

Number buds with RSD
Number buds examined
(a)
Cb)

8 / 1 0

5/8
3/6
0 / 6
1 / 8

0/7
0/7
0/5
0/3
0/3
0/3

15/15
12/16
5/8
1/16
0/16
3/14
1/14

Percent RSD
(b)
(a)

80.0
62.5
50.0
0 . 0

1 0 0 . 0

75.0
27.8
6.3

12.5

0 . 0

0 . 0

21.4
7.1

0 . 0

0 / 1 0

0 . 0

0 . 0

0 / 2

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

2 0 . 0

60.0
40.0
30.0

0 / 2

0 /6
0/4
0/3

1 0 . 0

1 0 . 0

0 /1

0/1

10

10

0

0

0 . 0

0 . 0

0 / 0

0 / 0

0 . 0

0 . 0

10

10

o

0

0 . 0

0 . 0

0 / 0

0 / 0

0 . 0

0 . 0

20

21

15

71.4
50.0

1 0 0 . 0

15

60.0
90.0

1 0 0 . 0

20

0 . 0

0 . 0

•*'"N
IS

12

1 2 / 1 2

14/14

0/18

0 / 1 2

38

Table 7.

Infcctivity of juice obtained from CP 44-101 and CP 36-105
infected with RSD since 1953 after treatment for 10 min
at different temperatures.

Treatment
Temperature
(C)

Number
seed pieces
inoculated

Number
buds
germinated

Percent_RSD_______
Juice of
Juice of
CP 44-101
CP 36-105

4 5.0

2 0

2 0

1 0 0 . 0

1 0 0 . 0

45.5

20

20

1 0 0 . 0

1 0 0 . 0

46.

2 0

2 0

90.0

9 5.0

V'.-

2 0

20

80

50.0

4

2 0

20

40.0

35.0

2 0

2 0

55.0

90.0

V'..p

20

20

50.0

85.0

45 .4

2 0

20

25.0

80.0

49.0

20

20

2 0 . 0

2 0 . 0

49. 5

20

20

15.0

15.0

50.0

20

20

85.0

35.0

-<n. 4

20

2 0

35.0

0 . 0

5 1.0

2 0

2 0

35.0

0 . 0

4 1 .4

2 0

2 0

0 . 0

0 . 0

42. 0

2 0

2 0

5.0

0 . 0

42. 5

20

20

0 . 0

0 . 0

4 3.0

20

2 0

0 . 0

0 . 0

4 ’4 .4

20

20

0 . 0

0 . 0

44. 0

2 0

20

0 . 0

0 . 0

54 . 5

20

2 0

0 . 0

0 . 0

>4 .0

2 0

20

0 . 0

0 . 0

Non Treated

20

20

1 0 0 . 0

1 0 0 . 0

0

.0

.0

)9

bundles starting from slightly below the nodal area

(old leaf scar area)

and disappears where the bundles abruptly bend to form the leaf trace
bundle.

Observations made of several varieties infected with RSD in

the tield indicated that t lie symptom may be found in most of the nodes
of mature cane stalks, but a better diagnosis can be made in Louisiana
in the lower mature nodes when plants are b to 7 months old.

Similar

discoloration of sugarcane tissues may be found in tissues which have
been damaged by sugarcane stem borer, or other injury.

However

d isco 1 or.it ion due to borer injury is confined mainly to the inturnodal
re'; Lon .
I)i sease-free stalks when observed
.en'tally free of discoloration.

Ln a similar manner, are

However occasionally one may find

one or two discolored bundles even in materials which have been heat
treated twice.

Infected stalks of a nontolerant variety show a

higher number of discolored fLbrovascular bundles as compared to those
of a RSI) tolerant variety.
The results of anatomical studies indicated that the discolora
tion of the bundles was due to plugging of the protoxylem and in severe
cases, metaxylem.

Counts made

in sections of fresh materials cut with

a sliding microtome and stained with phloroglucinol-HCl indicated less
than

'■>"/ of

the bundles were plugged.

.;1lown in Fig. 4.

A

typical xylem gummosis is

The section was stained with safranin-fast green.

Attempts were made to stain the material which plugged the xylem
Ijv u s i n g

several reagents which are used

(71, bb, 60).

for phenolic compound detection

No clear-cut evidence was found due to the interference

with the color already in the stain itself and the reaction of the
surrounding lignified cell wall with the stain.

40

figure

4.

Vascular bundle of the nodal area with xylem gummosis.

Paraffin embedded sections of KSD-infected CP 36-105 plant
stained with safranin - fast green (1455x) .
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Studies in the phloem areas were made by using sections of
fresh material cut from the nodal region of variety L 62-96.
sections from disease-free stalks both normal phloem
phloem elements filled with red staining, substances
In RSI) infected stalks, both normal
si lining, substance, were found

(Fig.

In

5) and

(Fig. 61 were found.

phloem and those filled with red

(Fig. 7).

Counts made of the bundles

wit.li normal and those with the red staining substance in the phloem
region indicated that less than 17, of the bundles were with the
n-d staining substance.
phloem element

Figure

shows a higher magnification of the

8

filled with the red staining substance.

Whether the

substance is incorporated into the cell wall or in the cell

lumen only

is unclear.

b.

Qualitative determination of polyphenolic compounds in the nodal
region of RSD-infected and disease-free sugarcane plants

1.

Phenolic compounds in the nodal region of RSD-infected and
disease-free mature stalks
tissues of the nodal

used in these studies:

region of the following varieties were

CP 44-101 and L 60-25.

The phenolic

compound was extracted

from the tissue by using the cold methanol

• t r a c t ion procedure.

The methanol extract was

found to contain a high

concentration of sugar which gave some problems in spotting it on the
paper.

Therefore,

the material was extracted further in a separatory

funnel with ethyl acetate.

Ihe ethyl acetate extract was used for

chromatographic analysis.
Characterization of the spots in a chromatogram was done by
mar king the spots under UV light

(254 m(j) and noting the color before

42

i'igure b.

Vascular bundle of the nodal area with normal phloem
elements.
Sliding microtome section of disease-free
L 62-96 plant stained with phloroglucinol-HCl+zinc
chloroiodide (645x).
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Figure

6

.

Vascular bundle of the nodal area with red stained phloem
element . Sliding microtome section of L 62-96 diseasefree plant stained with phloroglucinol-HC1+zinc
chloroiodide (645x).
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Figure 7.

Vascular bundle of the nodal area with red stained phloem
element.
Sliding microtome section of RSD-infected L 62-96
plant stained with phloroglucino-HCl+zinc chloroiodide (645x).
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Figure 8

Red stained phloem element in the phloem area of the
vascular bundle of RSD-infected CP 36-105 plant s t a i n e d
with safranin - f'asL green (1455x).
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and after exposure to ammonia vapor.

This was followed by spraying

the chromatogram with various phenolic reagents.

Gibb's and FeCl 3

reagents, although they are specific for phenolic compounds,

they were

found not sensitive enough to detect a small amount of phenols.

The

phloroglucinol reagent is a selective one for o-dihydroxy phenolics;

it

does not react with the other type of phenolic compounds present in the
spots.

liopner-Vorzats reagent was found sensitive but does not give a

wide range of color when it reacts with phenolic compounds.
reagent

This

gave yellow, yellow orange or r ■<! color when reacting, with

phenolic compounds.

Only diazotized sulphanilic acid reagent was

Iomul to give sensitivity and range of coloration adequate for this
study.

However this reagent is not very selective and other compounds

which do not belong to phenolic groups also react with it.

Therefore,

the use of reference compounds spotted in the same paper was always
carried out.
In an extract obtained

from stalks of variety CP 44-101,

three

spots were found in the chromatogram of RSD-infected, and one spot from
an extract of disease-free plants.

Two spots of the three1 indicated in

the sample from RSD infected plants were identified as ehlorogenic acid
and caffeic acid.

The one spot in the chromatogram from RSD-free

extract of CP 44-101 was identified as ehlorogenic acid.

Six spots were found in the chromatogram of RSD-infected as well
as disease-free L 60-25 plants.
genm

acid and caffeic acid;

Two of them were identified as chloro-

the others were unidentified.

Generally it was noted that there was no difference in the
number and type of spots in the chromatogram from an RSD-infected plant
of L 60-25 and disease-free ones.

When a similar amount of extract

47
from each was spotted on one paper, the color reaction produced with
the spray reagents was stronger in the extract
healthy material

from diseased than from

indicating a higher concentration of ehlorogenic and

caffeic acids was present in the diseased plant.

2.

Phenolic compounds in the immature nodal regions of

8

week

old

h 62-96 plants
The first separation of the plant extract was done by applying
the sample in a long band at the starting line of the paper and
developing the paper in butanol-acetic acid-water
observed under UV light

(254 mgi) it was noted that

separated into nine bands.
(>, / and 8.

(4:1 :2.2).

When

the sample had

The bands were numbered 0, 1, 2, '3, 4, 5,

The numbers and types of bands obtained from paper

chromatographic separation of RSD-infected and disease-free extracts
were similar.
The chromatographic analysis of these bands are presented in
fables

8

, 9, and 10.

band numbers 0, 1, 2, 5 and 7 consistently

reacted with phenolic reagents

(Table 10).

These bands were cut from

paper, eluted and used for further studies.
Band numbers 5 and 7 were run on the same paper with authentic
samp 1es of ehlorogenic and caffeic acid.
presented in Table 11.

Results of the analysis are

It was found that the Rf values in two solvent

■'stems, UV absorption spectra, and the reactions with phenolic reagents
of number 7 were identical with ehlorogenic acid.
compound number 5 has not been completed.

The identity of

This compound gave sugar and

ehlorogenic acid on hydrolysis with 2 N H C 1 .

48

'['able 8.

band
numb e r

Characterization of phenolic compounds from RSD-infected and
disease-free L 62-96 plants (8 weeks old) after separation by
paper chromatography.

Approximate
Rf valuen Day light

UV light
(254 mu)

N H 3 vapor

N H 3 vapor
+ UV

0

0 . 1 0

none

none

none

none

1

0 . 2 2

f ye 1 1 ow

ye 1 !owi sh

ye i low

b yellow

7

0.32

f Vc i Ii'W

no :. 1 .

yellow

no no

0.40

none

f blue*

none

b ye I 1ow

0.48

none

none

ye 1 low

none

f ye 11ow

1

ye 1 low

greenish-

/-f
‘
'

0

.58

blue*

blue

8

0.63

f ye 1 1 ow

b luegreenish

0.68

f ye 1 1ow

1

0.75

none

d purple

blue*

none

none

yel low

greenishb lue

none

none

'' butanol-acetic acid-water (4: 1: 2 .2) .
f - faint, 1 - light, d - dark, b - bright, * - flourescent
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Table 9.

Rand
number

Chromatographic analysis of phenolic compound from RSDinfected and disease free L 62-96 plants (8 weeks old).

(1 )

Color reactions with phenolic reagents
(2 )
(3)

(4)

0

b lue

dark green

none

orange

1

no ne

dark green

none

none

2

none

dark green

none

none

•>

none

none

none

none

4

none

none

none

none

b 1 ue

dark green

yellow orange

dark

0

none

none

none

none

7

b lue

dark green

yellow orange

dark

8

no ne

none

none

none

(1) Pol in Denis reagent
(2) FeCl^ reagent
n)

Diazotized sulphanilic acid reagent

(4) Phloroglucinol reagent
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Table 10.

Characterization of phenolic compounds from RSD infected and
disease-free L 62-96 plants (8 weeks old) after separation
by paper chromatography.

Band
number

Aniline reagent

Leucoanthocyanidin test

0

ye 1low-brown

-H-f

1

brown

++

2

none

-f

3

none

-

U

none

-

b

non©

-

6

none

-

7

none

-

8

none

_

Col or and reaction with
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Table 11.

Rf value, UV spectra, and reaction with phenolic reagents of
unknown compound number 5, 7 and ehlorogenic acid and
caffeic a c i d .

Compound

Spectra
maximum
(mUl

Co lor reac tion wi th
(2 )
(3)
(1 )

Rf RAW
4:1:5

Rf 2/ AA

Number 5

0.63

0.69

340

orange

cherry
red

dark

Number 7

0.73

0 .6 6

332

Orange

cherry
red

dark

Caffeic acid

0.8 5

0.42

332

orange
grey-

red/dark
brown

dark

'!)1 orogen ic
ac id

0.7 2

0.6 9

332

orange

cherry
red

dark

(1 ) Diazotized sulphanilic acid reagent
(2) Hopner Vorzats

reagent

(3) Phloroglucinol

reagent
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Band numbers 0, 1 and 2 gave positive reaction to leucoanthocyanidin test indicating that they belong to the flnvonoid group.
Band number 2 was not used for further test since the concentration of
the flavonoid compound in it was low.

It barely gave a positive

reaction to the leucoanthoxyanidin test.

Band number 0 was colorless,

and had maximum absorption at 275 mfi in methanol-HCl.
as leucoanthocyanidin.

It was identified

Number 1 had a yellow color on the paper which

turned to orange on aging;

this was identified as belonging to the

anthocyanin group.
Further characterization of the two pigments indicated that the
hydrolysis product of the leucoanthocyanidin
rounds:

(number

0

) gave two com-

i) a compound with Rf value of 0.84 in butanol-acetic acid-water

(4:1:5), dark purple under UV light, and reacted with aniline reagent to
give a pink color; and ii) a compound with a yellowish color under UV
and a maximum absorption at 275 m u .
as the aglycon of the pigment,

The latter compound was identified

the former being the sugar portion.

The

hydrolysis product of the anthocyanin indicated that two compounds were
present after development on paper.

One of the compounds also reacted

with aniline reagent giving a pink color, with Rf value similar to that
indicated above,

the other, which was nearly undetectable, had faint

yellowish color under UV.

The phenol test indicated that number 0

reacted with phloroglucinol reagent which showed that the aglycone has an
o-dihydroxy in its B ring.

Its aglycon gave a stable blue color in

alkaline solution, and orange color in acid solution.
tentatively identified as the luteolinidine.
did not react with phloroglucinol reagent,
blue color in the acid solution.

The aglycone was

On the other hand number 1

its aglycone had an unstable

It was tentatively identified as the
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apigcnidinc.

Further work by using authentic compounds is needed lo

establish the identity of the two flavonoid compounds.

(',

Total phenolic contents of the nodal region of diseased and
disease-free plants
Total polyphenolic content was determined based on its equivalent

with ehlorogenic acid.

It was due to the fact that ehlorogenic acid

was one of the major phenolic substances in the region

(part K above).

The standard curve used for determination of the total polyphenol
content

is presented in Fig.

9.

A linear correlation of absorbance

and concentration is indicated between

10

and

1 0 0

ppm concentration of

ehlorogenic acid.
Results of the determination are presented in Fig. 10.

In

CP 48-103 the total polyphenols in the nodal region of RSD-infected
plants was 3.88 mg/g fresh tissue compared to
free tissue.

3.04 mg/g in the disease-

In I. 60-25 the total polyphenols was 4.48 mg/g fresh

tissue in the diseased plants as compared to 2.32 mg/g fresh tissue in
the disease-free plants.

III.

A.

STUDIES RELATING TO THE CONTROL OF RSD

Effects of tetracycline-HCl

(Achromycin)

on symptom development

of RSD
Results of various treatments with the tetracycline antibiotic
are presented in Tables 12, 13, 14, 15 and 16.

The data indicate no

effect of the antibiotic on the symptom development of the disease with
anv of the treatments used.

Phytotoxic effects of various degrees were

noti'd in the experiment in which single eye seed pieces were germinated
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Figure 9.

Standard curve used for total polyphenolic content of the
nodal tissue based on Swain and Hillis method (Swain and
Hi 11 is, 1959).
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CP 48-103

L 60-25
Variety

figure 10.

Total polyphenolic content of the nodal area of RSDinfected (RSD) and disease-free (DF) stalks of varieties
CP 48-103 (susceptible) and L 60-25 (tolerant).
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Table 12.

Variety

Results of dipping single eye seed plieces of varieties
CP 44-101 and CP 36-105 for 4 hr in different concentration
of tetracycline-HC1.

Number buds
treated

200

Tetracycline-HC1 concentrat ions
400
800

(ppm)
1200

Seed pieces with RSD
CP 44-101

24

11/ 14b

13/13

19/19

9/10

Check'1

24

19/19

19/19

10/ 10

19/19

CP 36-105

24

18/21

20/20

8/8

10/12

Check

24

22/22

20/20

10/10

13/13

Seed pieces disease-free
CP 44-101

24

0/15

0/7

0/7

0/6

Check

24

0/16

0/17

0/11

5C /14

CP 36-105

24

0/17

0/21

0/11

0/13

Check

24

0/21

0/20

0/12

0/7

a Treated with distilled water.
k Number of plants with RSD per total number of plants observed.
c Doubtful symptoms.
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Table 13.

Variety

Results of dipping single eye seed pieces of varieties
CP 44-101 and CP 36-105 for 8 hr in different concentrations
of tetracycline-HC1.

Number buds treated

Tetracyc1ine-HCl concentration (ppm)
200
400

Seed pieces with RSD
CP 44-101

24

13/13^

6 (1) /7

Checka

24

19/19

19/19

CP 36-105

24

20/20

17/17

Check

24

20/20

17/17

Disease-free seed pieces
CP 44-101

24

0/7

0/8

Check

24

0/17

0/19

CP 36-105

24

0/21

0/14

Check

24

0/21

(2)/18

a Treated with distilled water
b Number plants with RSD per total number of plants observed.
Figure
in brackets indicates
umber of plants with doubtful symptoms.
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Table 14.

Results of treatment in which varieties CP 44-101 and
CP 36-105 were cut into single eye seed pieces while
different (ppm) solutions of tetracyc1ine-HC1 were poured
on the cut surface du ring the cutting operation.

2 0 0

(ppm)
400

Tetracycli ne-HC1 concent rat ion
Variety

Number buds treated

Seed pieces with RSD
CP 44-101

24

7 ("12 ) / 19b

18/18

Chec k

24

16/16

19/10

CP 36-105

24

15 (3)/IK

17/17

Check

24

14/14

15/15

Disease-free seed pieces
CP 44-101

24

0/17

0 / 2 0

Check

24

0/23

0 / 2 2

CP 36-105

24

(l)

0/18

Check

24

0/18

/ 2 0

0/19

a Treated with distilled water
^ Number of plants with RSD per total number of plants observed.
Figure in brackets indicates number of plants with doubtful symptoms.
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Table 15.

Variety

Results of treatments in which growing plants of varieties
CP 44-101 and CP 36-105 were drenched once a week with
different concentrations of tetracycline-HCl.

Number buds
planted

Tetracyc 1ine-HC 1 concentration

0a

(ppm)

200b

400b

800b

Seed pieces with RSD

CP 44-101

18

13/13c

12/ 12

12/12

13/13

CP 36-105

18

9/9

11/11

15/15

15/15

Disease-free! seed pieces

CP 44-101

18

0/19

0/15

0/15

0/15

CP 36-105

18

0/11

0/9

0/5

0/9

a Watered daily with tap water.
b Watered daily with tap water, once a week drenched with
tetracycline-HC1 solution.
L Number of plants with RSD per total number of plants observed.
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Table

16.

Results of tests in which single eye seed pieces of
variety C P 36-105 were germinated on moist cotton for 2
weeks in different concentrations of t e t r a c y c 1i n e - H C 1.

Tetracycline-HCl
concentration
(ppm)

Number
buds
treated

Number buds with RSD
Number buds observed

Persent
RSD

Seed nieces 1wi ih RSD
Wa ter

10

5/5

100.0

700

10

5/5

100 .0

600

10

5/5

100.0

600

10

6/6

100.0

800

10

4/4

100.0

1000

10

4/4

100.0

1400

10

3/3

100.0

1800

10

1/1

100.0

2200

10

6/6

100.0

Wa ter

10

0/6

0.0

200

10

0/5

0.0

400

10

0/1

0.0

600

10

0/2

0.0

800

10

0/1

0.0

1000

10

0/3

0.0

1400

10

0/2

0.0

1800

10

0/1

0.0

2200

10

0/0

0.0

Disease -free seed pieces
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on moist cotton saturated with a tetracycline solution containing
600 ppm or more.

The effects consisted of dark browning and growth

retardation of the primary nodal roots and also on roots arising from
the young shoot.

15.

Temperatures and treatment duration:; with hot-air

for control of

RSD in l.ouisiana
Results of numerous tests with conmerc Lai type hot-air ovens
newly built or recently repaired, are presented in Tables 17 and 18.
In all combi nalions of temperatures and treatment durations tested ,
t r

equ irement. s for good RSI' control were me t (average minimum

t mneratures of 50 C in the 1ast 3 hr. of' treatment:).
redact'ion in germination was noted
Lt

it ed checks.

97 .97 to 1007,.

RSI) control

A slight

for treated buds compared to non-

from the various treatments ranged

from

Plants which were grown from nontreated diseased buds

showed 1007, infection.

None of those grown from nontreated disease-

free buds showed RSD symptoms.
Two ovens were used for the 58 0 for 8 hr
treatment).

(presently recommended

A total of 106 RSD-infected buds were treated, and 36 RSD-

infected buds served as the

nontreated check.

Germination of treated

bud:-, was 91.97, of the nontreated diseased check.
grown

from the treated buds,

Of 91 plants

all were free of RSD (Table 17).

This test was using variety CP 36-105 in an old, relatively air-tight
oven.

Two ovens

(newly built or air-tight old ones) were used for the

58 C for 7 hr treatment.

A total of 690 diseased buds were treated,

and 108 diseased non-treated buds served as check.

Germination of

Table

Total
number
ovens

17.

Effect of four treatments using commercial h o t - a i r oven." on termination and c o n t r o l of RED

Hr

Cane temperature during
last 3 hr (C)*
Min
Max
Avg**

Number buds
planted
Non-treated
Treated

58 C - 8 hr
1
49.7
2
50.2
3
50.6
Avg
50.2

52.5
52.7
53.4
52 .9

51.0
51.3
51.7
51.3

2

58 C - 7 hr
1
48.6
2
50.3
51.8
3
Avg
50.2

53.5
56.4
56.7
55.5

51.4
52.8
53.3
52.5

2

58 C - 6 hr
1
48.6
2
50.8
51.4
3
Avg
50.3

52.2
53.5
53.2
53.0

49.8
51.6
52.6
51.3

4

59 C - 6 hr
1
50.2
2
52.3
53.0
3
Avg
51.8

55.8
56.5
56.8
56.4

52.5
54.2
54.7
53.8

2

7„ Plants with
RSD symptoms
Non-treated

Treated

Disease

Treated

Disease

106

36

86.8

94.4

0.0

100.0

690

108

82.6

85.6

0.6

100.0

432

70

89.4

94.3

2.1

100.0

535

96

74.7

89.5

1.3

100.0

* Thermocouple readings at 21 locations inside oven.
**Average of respective number of ovens used.

Disease

Percent
germination
Non-treated

Table 18.

Fall and spring stand counts of hot air treatment experiments 1970-1971.

Treatment

Date
treated

Date
Fall count

Date
Spring count

Variety
treated

Fall
stand count*

58 C - 6 hr

9/2/70

12/4/70

5/3/71

CP 61-37

117.7

116.5

58 C - 7 hr
58 C - 7 hr

9/29/70
9/30/71

12/4/70
11/30/70

5/4/71
5/6/71

CP 48-103
L 62-96

114.0
150.0

80.0
197.4

58 C - 8 hr
58 C - 8 hr

8/24/70
8/24/70

12/2/70
12/2/70

5/6/71
5/6/71

L 62-96
L 62-96

198.5
198.7

170.0
230.0

59 C - 6 hr
59 C - 6 hr
59 C - 6 hr

9/15/70
9/10/70
9/10/70

11/30/70
12/4/70
12/4/70

5/6/71
5/3/71
5/3/71

L 62-96
L 61-37
L 61-37

50.7
89.6
92.7

69.2
87.5
91.0

Spring
stand count*

CQ

* Average number of shoots in 100 feet (average of 8 counts); one hundred shoots in 100 feet is a satisfactory stand in commercial plantings in Louisiana.
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treated buds was 96.5%, of the

nontreated diseased check.

Of 536

plants which germinated from treated buds, 99.4%, were free of RSD
(Table 17).
Two ovens were used for the 58 C for 6 hr treatment (very air
tight).

A total of 432 RSD-infected buds were treated, and 70 RSD-

Lnl'ected buds were planted as the nontreated check.
treated buds was 94.87, of the

nontreated RSD check.

Germination of
Examination of

373 plants germinated from treated buds showed 97.9% free of RSD
(J’able 17).

This duration cf treatment is considered too short for

commercial use at 58 C.
Four ovens (very air-tight) were used for the 59 C for 6 hr
treatment.

As expected the average mean temperatures in the cane were

higher wtien compared to 58 C treatment.

A total of 535 RSD-infected

buds were treated, and 96 RSD-infected buds served as nontreated checks.
Germination of treated buds was 83.5%, of the nontreated disease check.
The reduction in germination was caused by known hot spots which are
inherent in the oven.

These hot spots reduced germination to a higher

degree due to a higher temperature setting of 1 C (59 C).

It must be

noted that the time was reduced by 1 hr.
All four hot-air treatments gave satisfactory fall and spring
stand counts except one, which was 59 C for 6 hr which gave an unsatis
factory fall stand count (50.7 shoots/100 feet) and spring counts (69.2
shoots/100 feet) (Table 18).

Delay in planting after treatment due to

excessive rainfall plus the lower germination as given above was
apparently responsible for the unsatisfactory fall and spring stand
counts in this one (59 C for 6 hr).

An average of 100shoots/100 feet

is considered to be a satisfactory stand for commerical planting.
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The hot-air treatment used in this study did not severely
reduce the germination of the treated buds.
rate was with the 59 C for 6 hr treatment.

The lowest germination
Since hot-air treatment for

the control of RSI) in Louisiana has been used since 1956, it can be
assumed that the grower's cane is not 1007> infected.

It can be

expected that any one of the four treatments studies except the 58 C
for 6 hrs, would give satisfactory control of RSI) under present
commercial conditions.
Results of the experiment using an experimental oven are presented
in Table 19.

The treatments were conducted late in the planting season.

Although the temperature setting used was 59 C and the duration of
treatment was extended 1 hr (compared to the 59 C for 6 hr treatment
above), the average minimum temperature in the last 3 hr of treatment
was far below the 50 C required.

This was due to the low ambient

temperature at the time of treatment (low cane temperature at the
commencement of the treatment) resulting in a longer time required to
raise the temperature to the desired level in the cane.

Due to these

factors, RSD control was less than that of the other treatments.

Table

19.

Effect of treatment

us in g

LSI' experimental

Total
Cane temperature during
number _____________ last 3 hrs (C)*________
ovens Hr
Min
Max
Avg**

Test
variety

h o t - a i r ov<. n on germination and control of RSD.

Number buds
Percent
7. Plants with
____ planted
germination
RSD symptoms
Non-treated
Non-treated
Non-treated
Treated Disease Treated
Disease Treated Disease

59 C - 7 hr
1

44.6

54.7

51.0

CP 44-101

367

32

43.8

89.0

3.3

100.0

2

47.0

55.1

52.5

L 62-96

440

41

26.1

58.3

3.2

100.0

3

48.3

55.3

52.7

CP 61-37

456

40

28.3

62.3

0.0

100.0

Avg

46.6

55.0

52.0

* Thermocouple readings at 21 locations inside oven.
**Average of respective number of ovens used.

a-

O'

DISCUSSION

Attempts to isolate a mycoplasma organism front RSD infected
plants were unsuccessful.

One of the mycoplasma media that was used in

this study has been successfully used for the isolation of a mycoplasma
organism which causes the "white leaf disease" of sugarcane in Taiwan
(42).

There have been only a few reports (13, 30, 42) in which workers

have been successful in isolating mycoplasma organisms from diseased

plants.

None of the mycoplasma so isolated have successfully been

maintained in culture for subsequent studies (47).
The suppressive effects of tetracycline antibiotics

tn the

symptom development of a plant disease have been accepted by plant
pathologists as one of the criteria for the association of a mycoplasma
organism with plant diseases (35, 42, 48, 61, 70).

Mycoplasma organisms

are among those which are sensitive to tetracycline antiobiotics (41).
Experiments conducted as part of this study indicate that tetracyclineHC1

(Achromycin)

had no effect on the symptom development of RSD when

applied as indicated.
another worker (26).

These results are in agreement with a report by
At the present time, there is no indication that

RSD is associated with a mycoplasma organism.

The presence of mycoplasma

like bodies in the phloem elements of a diseased plant is another
criterion frequently used by plant pathologists in associating a
mycoplasma organism with a plant disease (15, 44, 47, 70).

Such a

study is needed for RSD.
Several previous attempts have been made to purify the RSD agent
(28, 43).

The attempts have not been successful.
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In this study, a

oo

purification procedure using a differentia] centrifugation technique
was evaluated.

Results of the infectivity tests of samples from each

step of the purification process indicated that some infectivity was
lost: during the purification.

The ultraviolet absorption spectra of

the sample after two cycles of differentail centrifugations showed
that there was still some host components

present in the samples.

Storage of juice at a low temperature is often needed in virus purifi
cation work (52, 54).

Studies in this work showed that freshly extracted

juice remained infectious up to 5 days when stored at 4 C.

.Iui.ce

obtained from sugarcane variety CP 44-101 produced 100% infection up to
7 2 hr of storage at 4 C.

Juice obtained from CP 36-105 produced 100%

infection up to 24 hr of storage.

Studies conducted in 1959 indicated

that juice obtained from CP 36-105 remained infectious at 21.1 C up
to 48 hr (18).
Previous work (18) has shown that when using CP 44-101 as the
assay variety, juice obtained from CP 44-101 remained infectious up to
1:1,000 dilution.

Experiments in this study indicated that higher

dilutions of juice obtained from CP 44-101 (up to 1:10,000) may still
produce infection when L 62-96 was used as the test plant.
The new assay technique described in this study is a modification
of those which have been described before (25, 59).

The symptoms

produced by the test plants, the sensitivity of the assay as well as the
total length of time needed from planting until results may be obtained
are much better than those previously described.
in studies comparing the concentration of the infectious agent
in samples obtained from plants which had been infected with RSD for
one or more years, it was found that plants which had been infected for
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3 and 4 years had a higher concentration of infectious agent as
compared to the ones which had been infected for 1, 2, or 18 years.
These data are in accordance with

comparative yield trial

data

obtained by Steib (67) which indicated that maximum lost due to RSD in
the same variety occurred in plants which have been infected for 3 and
4 years.

The yield data also indicated no significant difference in

yield lost between plants infected for 3 and 4 years and those infected
for 18 years.
The relative concentration of the infectious agent

in variety

CP 44-101 was more than 50 times greater than the concentration in
variety CP 36-105.

This indicated either that CP44-101 was more

susceptible to the disease as compared to CP 36-105 or the agent which
infected CP 44-101 was more virulent than the one which infected

CP 36-105.

It may also explain why RSD-infected CP 36-105 can be freed

of RSD at a slightly lower temperature than RSD-infected CP 44-101.
Adding bentonite

(ribonuclease inhibitor) only slightly increase the

titer of RSD reagent in the inoculum.

Apparently the activity of the

ribonulcease enzyme which is always present in the plant extract does
not greatly alter the stability of the RSD agent.

A higher temperature requirement was indicated for the complete
elimination of RSD agent from single eye seed pieces of CP 44-101 as
compared to that required for CP 36-105.

This may be caused by the

difference in concentration of the infectious agent in each variety as
previously discussed.

Another possible explanation is that the RSD

infectious agent present in the two varieties has different tolerances
to heat treatment.

This theory was supported by results of the other

experiment in which it was found that the thermal inactivation point of
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the infectious agent in juice pressed from variety CP 44-101 was 1 C
higher than that of CP 36-105.

In practice, similar indications were
V

obtained by Steib in 1956-1957 and Flores Caceres in 1959 (20).

In

previous and present hot air treatment tests for the control of RSD, it
was always found that a temperature and treatment duration which gave
l007o control of RSD in CP 36- 105 resulted

in some survival of the

infectious agent when used for CP 44-101.
Studies on the anatomy of the nodal area of RSD-infected and
disease-free plants revealed that some protoxylem in the vascular
bundle of RSD-infected plants were plugged by a gummy substance.
stud> is in agreement with those described by Artschwager (8).

This

In a

severely infected plant less than 57, of the vascular bundles were
found with plugged protoxylem.

Study of the phloem region indicated

less than 1% of the total number of vascular bundles contained red
stained phloem elements when sections were stained with phloroglucinolHC1.

Observations made in the phloem region indicated that in both

disease-free and RSD-infected plants some phloem cells were filled with
a red stained substance.

Artschwager (8) suggested that such cells

were lignified and should be considered as part of the disease syndrome.
The phloroglucinol-HC1 stain used in these studies has been known to
react not only with lignin but also with other substances such as
pentoses, caffeic acid, and other phenolic compounds (71).

As a result

of studies reported herein, it is suggested that the red stained
substance which filled the phloem cells is a product of normal cell
metabolism.
Accumulation of phenolic compounds due to disease infection or
other injury has been reported by many workers (11, 17, 40, 51).
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Similar results was found in this study.
content was

found in the nodal area of RSD-infected plants when compared

to the nodal region of healthy ones.
to RSD)

A higher total polyphenolic

the increase was about

disease-free plant.

In variety CP 48-103

(nontolerant

26"L of the amount normal ly present in a

In variety L 60-25

(tolerant to RSD) the increase

in total polyphenolic content in RSD-inlected plants was 907, of the
total polyphenol commonly present.
In the nodal region of mature stalks of disease-free and RSDinfected plants of varieties CP 44-101

and L 60-25,

two phenolic

compounds were consistently detected and identified by paper
chromatography.

They were chlorogenic acid and caffeic acid.

There was

no difference noted in the number and types of spots in the chromato
grams of samples obtained

from diseased and disease-free plants.

Only

the intensity of the spots differed when extracts of healthy and
diseased plants were studied side by side in equal amounts.
other workers

(9,

Reports by

10, 16, 29) had also indicated that chlorogenic

acid and caffeic acid were the two major phenolic compounds present in
the leaf extract of sugarcane and as a colorant in raw sugar.
Chlorogenic acid, an unidentified phenolic compound, and two
flavonoid pigments were found to be present
of very young sugarcane plants.

in the immature nodal area

The plants were showing "juvenile

symptom" when the sample was taken.

Extracts from RSD-infected and

disease-free plants separated into similar numbers and types of bands
on chromatographic paper.

This was not surprising since similar

results were found when nodal regions of mature stalks were analyzed
in a similar manner.

The flavonoids were tentatively identified as

glycosides of a luteolinidine and apigenidine.

These two anthocyanidines
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have been fennel to occur together in nature (25, 49, 31).

Further

identification is needed by using known samples of both pigments.

The

sugar portion of the flavonoid has been identified as glucose based
on the formation of glucuronic acid when the anthocyanin and leucoanthocyanin were hydrolysed with 2 N HC1 for 30 min.

'The presence of the

two flavonoids in the nodal area may gave some significance in relation
to the symptom expression of RSD.

Since both pigments are present in

RSD-infected as well as disease-free plants, the activation of
glycosidases

(53) in the diseased plant and the inhibition of it in

the disease-free plant is suspected.

Further studies are needed to

test this hypothesis.
Since the beginning of the hot-air treatment program for the
control of RSD in Louisiana,

the recommended temperature and treatment

duration of 58 C for 8 hr (air entering the rear of the oven is
controlled at 58 C for a total treatment duration of 8 hr) has been
consistently used since 1955.

Studies reported herein indicate that a

reduction of treatment duration is possible by use of several combina
tions of temperatures and treatment durations.

Any of the combina

tions of temperature and treatment duration used with the commercial
oven in this study will give acceptable control of RSD.

However, the

58 C for 6 hr is not considered desirable under commercial conditions.
Care must be taken in following all the necessary steps which are
recommended in the loading and operation of the commercial hot air
oven if good control with combination tested is to be successful.
Further reduction in the treatment duration (e.g. less than 8 hr)
seemed to be likely at the present time if all ovens are prepared and
made completely air-tight.

The temperature setting could be maintained
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as presently recommended.

The limit of the bud's tolerance to hot air

has not been determined accurately, but it appears to be near 55.5 C
for the last 3 hrs of the 8 hr treatment duration (Table 17).

SUMMARY

1.

Attempts to culture a mycoplasma organism from RSD infected sugar
cane were unsuccessful.

2.

Tetracycline-HCl solutions in various concentrations did not affect
symptom development of RSD (juvenile symptoms) in CP 44-101 and
CP 36-105.

3.

L 62-96, nontolerant to RSD, was found to be a reliable test plant
for assay work in the greenhouse.

4.

Dilution end point tests suggested no increase in titer of the
infectious agents in plants infected for 1 to 2 years as compared
to those which have been infected for 18 years.

5.

The relative concentration of the RSD infectious agent in

CP 44-101

was more than fifty times higher than that of CP 36-105.

6.

Results suggest that two different isolates of the RSD agent exist:
one from CP 44-101 with a thermal inactivation point of 1 C higher
than one found in CP 36-105.

7.

The total polyphenolic content in the nodal region of RSD infected
plants was higher compared to that in disease-free ones.

8 . Chlorogenic and caffeic acids are two major phenolic compounds
naturally present in the nodal region of a mature sugarcane stalk.
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9.

Chlorogenic acid, two flavonoida (leucoanthocyanidin and
anthocyanin), and an unidentified phenolic compound were the major
phenolic compounds present in the immature nodal region of young
sugarcane plants (8 weeks old) of variety L 62-96.

10.

Lignification of phloem does not constitute part ofthe RSD
syndrome since such incidence was also found to occur in diseasefree plants.

The nature of the suggested "lignification" needs

further investigations.

11.

Two new combinations of temperature and treatment durations with
hot air were found effective for the control of RSD when
ovens were tested.

airtight

The combinations were 58 C for 7 hr and 59 C for

6 hr (air entering rear of oven was controlled at 58 C or 59 C for
total treatment duration of 7 hr or 6 hr).
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